IC1 and eject an 1 atotn back to the gas phase (Cl-selective abstraction) despite the much larger exothermicity for the fortnation of Si-Cl(s) + I than Si-I(s) + C1.
T h e reorientation by the surface ~vould also explain the higher abstraction ratio for IC1 over that for Br,. A n end-on geometry has been calculated to favor abstraction over dissociation for halogens o n serniconductor and metal surfaces hecause this geometry places the terminal halogen far from the surface in a n optimal posltion for ahstraction ( 2 , 11) . Although molecules in the molecular beam usually have a nearly side-on or tilted orientation, reorientation hy the surface should place a large fraction of the 1C1 into an end-on geometry and thus increase ahstraction. ' We propose that the orientation of IC1 into I-end-first configuration results frotn the higher polarizability of 1 compared to C1
and the asymmetric molecular bonding associated with IC1. Because C1 is tnuch tnore electronegative than 1, the honding ozand T,,, orhitals predotninantly consist of C1 3p orbitals, whereas the antibonding a::::and T 1.)':' orbitals predominantly consist of I 5p orhitals. T h e highest occupied molecular orbital ( H O M O ) is mainly concentrated at the I atom of an IC1 molecule; thus, the I end is both more polarizahle and tnore reactive than the C1 end. This difference was confirmed by Hartree-Fock tnolecular orbital calculations tnade using the SpartanPlus program (12) which show that the effective radius of the + + -o r b i t a lwave function is 70°/6 greater 011 the I atom than o n the C1 atom. Conversely, there is only 19% difference in the effective radius of the probahility density of the entire valence shell between the I and the C1 atotns. Therefore, we suggest that when a n IC1 tnolecule approaches a Si adatonl o n the S i ( l l 1 ) -( 7~ 7) surface, the interaction of a n IC1 T~, ,~' antibond (HOAllO) with the partially filled Si dangling bond results in greater attraction to the 1 end than the C1 end of the IC1 tnolecule. This selection is the driving force for the I-end-first orientation of IC1 before reaction and ultimately causes chemical selectivity for the reaction of IC1 with the S i ( l l 1 ) -( 7 x7) surface. This satne tnolecular-orbital argument was used to explain the chemical selectivity of the D + 1C1 -.Dl + C1 gas-phase reaction (1) . Reorientation of N O (13) by A g ( l l 1 ) or P t ( l l 1 ) and of HZ hy W(100) (14) or Pd(l99) (15) is denoted as rotational steering and has been observed in theoretical simulations. Therefore, the reorientation of molecules by surfaces may be a general phenomenon and is prohahly the dynamic mechanistn responsible for this example of atotnically selective chemisorption, the selective abstraction of I from 1C1 hy S i ( l l 1 ) -( 7 x 7 ) . efficiency, such that there were approximately three bacteria per macrophage (7) .
Differential Effects of Cytolytic T Cell Subsets on lntracellular Infection
All DN and CD8+ T cell lines examined efficiently lysed infected macrophages in a dose-dependent manner (Fig. 1A) . The restriction and specificity were shown by the inhibition of CTL-mediated lysis of infected targets and release of IFN-y by antibody to C D l b (Fig. 1B) . CTLs did not lyse uninfected CD1+ rnacrophages. CTLs lyse targets by two pathways, the exocytosis of granules containing perforin and granzymes and the interaction of Fas ligand on the CTL with Fas on the target cell (8) . The sets of cytotoxic T cells, we sought to clarify the mechanisms of lysis, specifically the relative importance of killing by FasFasL interaction and by the degranulation mechanism. The cytotoxicity mediated by two DN, CD1-restricted CTL lines was markedly inhibited by blocking antibodies to Fas or to FasL (Fig. 2A) . In contrast, the cytotoxicity of two CD8+ CD1-restricted CTL lines was not affected by blocking of Fas or FasL (Fig. 2B) . We also determined . u , the contribution of the granule-dependent pathway to the target cell lysis. Strontium ions (SrZ+),which release histamine from mast cells by inducing granular degranulation, also induce degranulation of cytotoxic lymphocytes (9),thereby transiently inhibiting lytic activity. This effect was used to determine the extent to which the granule-dependent pathway participated in killing M. tuberculosis-infected macroh a e e s(10). Preincubation with Sr2+ seiectively inhibited the cytotoxicity of the CD8+, but not DN, CD1-restricted CTLs (Fig. 2, A and B) . Granzyme A, characteristic of cytotoxic granules, was detected in Srz+-induced Supernatants of CD8+, but not DN, T cells (Fig. 2C) . The capacity of lymphocytes to proliferate and release IFN-y upon antigen-specific activation was not affected by treatment with CTLs against antigenpulsed rnacrophages was determined in the presence or absence of blocking antibodies to FasL (5 pg/rnl) or Fas (1 p,g/ml)or after initial treatment of the CTLs with SF' + (25).The E:T ratio was 10:1. The result shown is representative of three indeaenSrZ+(I 1). The differential ability of antibodies to Fas-FasL or of Sr2+ to inhibit CTL activity was not dependent on the level of killing (Fig. 2, A and B) .
A critical component of lymphocyte cytotoxic granules is perforin, which polymerizes on the target cell membrane after antigen activation and induces a nonselective pore that may be responsible for target cell lysis (12) . Using reverse transcriptase-polymerase chain reaction (RT-PCR), we detected induction of perforin mRNA in all three CD8+ CTL lines examined, but not in three DN CTL lines (Fig. 2D ). In contrast, mRNA for FasL was detected in stimulated DN CTL lines but not in the CD8+ lines.
The existence of two populations of human CTLs, differentiated by phenotype and by mechanism of cytotoxicity, was confirmed in a larger group of CTLs. Five DN CTL lines independently derived from different donors, all CD1-restricted, killed targets by the Fas-FasL pathway, with little contribution from the granule-dependent mechanism (Fig. 3) . Conversely, the cytotoxicity of three CD8+ CDl-restricted CTL lines was granule-dependent. In addition, the killing by two classical CD8+ MHC class I-restricted CTL lines specific for influenza peptide was almost mRNA by DN and CD8+CTLs.CTLs (2 x 105) were stimulatedwith antigen for 12hours, and total RNA was isolated as described (27).
CD3
cDNA was synthesizedand standardizedto yield similaramountsof CD36 PCR product within the linear range of amplification. cDNA specific for FasL (28)and perforin (29) T h e s e d a t a a n d a r e c e n t study o f a musine l n o i i e l (15) suggest t h a t t h e t n 7 0 def i n e d m e c h a n i s m s o f c;-totoxicity are assoc l a t e d w l t h c l i s t~n c t p h e n o t y p i c T c e l l subsets, y e t h a v e d i f f e r e n t i a l effects o n m i c r ob i a l immunity. C o n s i s t e n t ~v i t h t h e f l n d l~~g s t h a t Fas-FasL il1teractions appear t o b e m o s t r e l e v a n t t o lysis o f cells o f t h e i i n l n~l n e system itself, this m e c h a n i s m m a y f~m c t i o n priinaril>-111 i m m u n e r e g u l a t i o n in v~v o , particularly in e l l l l~i n a t i n gantigen-expressi n g i i P C s , t h e r e b y d o w n -r e g u l a t i n g imm u n e -m e d i a t e d tissue i n j u r y ( 1 6 ) . In c o ntrast, t h e a b i l i t y o f CD8+ C T L s b o t h t o lyse i i~f e c t e~l cells by t h e g r a~~i~l e -d e p e~~d c n t m e c h a n i s m a n d t o kill i n t r a c e l l u l a r 1 4 . ttiberc~tlosis suggests t h a t t h e y m a y h a y e a special r o l e in resistance t o i n f e c t i o~l s 
